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SUMMARY

Active surveillance for laboratory-confirmed Salmonella serotype Enteritidis (SE) infection
revealed a decline in incidence in the 1990s, followed by an increase starting in 2000. We sought
to determine if the fluctuation in SE incidence could be explained by changes in foodborne
sources of infection. We conducted a population-based case-control study of sporadic SE
infection in five of the Foodborne Diseases Active Surveillance Network (FoodNet) sites during a
12-month period in 2002-2003. A total of 218 cases and 742 controls were enrolled. Sixty-seven
(31%) of the 218 case-patients and six (1 %) of the 742 controls reported travel outside the
United States during the 5 days before the case’s illness onset (OR 53, 95% CI 23-125).
Eighty-one percent of cases with SE phage type 4 travelled internationally. Among persons who
did not travel internationally, eating chicken prepared outside the home and undercooked eggs
inside the home were associated with SE infections. Contact with birds and reptiles was also
associated with SE infections. This study supports the findings of previous case-control studies
and identifies risk factors associated with specific phage types and molecular subtypes.

INTRODUCTION

Salmonella causes an estimated 1-4 million infections,
15000 hospitalizations and 400 deaths each year in
the United States [1]. Salmonella serotype Enteritidis
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(SE) accounts for approximately one-fifth of all hu-
man Salmonella isolates reported to the Centers for
Disease Control and Prevention (CDC) each year [2,
3]. Active surveillance for laboratory-confirmed SE
infections is conducted by the Foodborne Diseases
Active Surveillance Network (FoodNet). The inci-
dence of laboratory-confirmed SE infections declined
by 39% in FoodNet sites from 1996 to 1999 [4] but
increased by 26 % from 2000 to 2002 [5]. SE is also a
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common cause of foodborne outbreaks [6]. Most
foodborne outbreaks of SE infection for which a
vehicle is identified are associated with eating raw or
undercooked eggs or foods containing undercooked
eggs. Of 371 SE outbreaks reported to CDC between
1985 and 1999, in which a vehicle of transmission was
identified, 80 % were egg-associated [7].

Efforts to mitigate the burden of SE illness rely on
understanding the source of SE infections. In
1996-1997, FoodNet conducted a population-based
case-control study of SE infections to determine
sources of sporadic illness [8]. This study found that
travel outside the United States and eating chicken
outside the home in the 5 days before illness onset
were associated with infections; eating eggs in the
5 days before illness onset was not associated with
sporadic infection. Although eggs have been a fre-
quent source of SE outbreaks in Denmark, a case-
control study of sporadic SE infections in 1997-1999
also failed to associate eating eggs with illness when
exposure in the 5 days before illness onset was
examined [9]. However, when exposure in the 1 day
before illness onset was examined, eating eggs was
strongly associated with illness.

To evaluate exposures associated with SE infection
during this period of fluctuation in the SE incidence,
and explore the impact of using a narrow exposure
period, we conducted a second FoodNet population-
based case-control study of sporadic SE infection
in 20022003, that included both 1-day and 5-day
exposure windows.

METHODS

Initiated in 1996 as part of the CDC’s Emerging
Infections Program, FoodNet is a collaboration
between CDC, the United States Department of
Agriculture’s (USDA) Food Safety and Inspection
Service, the United States Food and Drug Adminis-
tration (FDA), and state health departments that
conduct active surveillance and epidemiological
studies of foodborne infections [10]. A 12-month case-
control study of sporadic SE infection was conducted
in 2002-2003 in five FoodNet sites (Connecticut,
Minnesota, Tennessee and selected counties in
Colorado and New York) representing a population
of 17 million persons (6 % of the US population).
Each month, FoodNet epidemiologists contact
clinical laboratories in the participating sites to
ascertain laboratory-confirmed Salmonella cases.
Case-patients were eligible for enrolment if they were

aged >1 year, resided in the FoodNet catchment area
and had SE isolated from stool or a normally sterile
site (including blood, urine, or cerebral spinal fluid).
Case-patients aged <1 year were enrolled in another
FoodNet case-control study. Case-patients were
excluded from enrolment if they could not be reached
by FoodNet epidemiologists after 15 telephone
attempts or within 45 days of specimen collection
date, if they did not have a telephone number avail-
able, if they did not speak English or Spanish, if they
did not report diarrhoea, if another household mem-
ber reported diarrhoea before the case-patient’s onset,
or if they were part of an outbreak that was in-
vestigated by a health department and a vehicle of
transmission was identified.

Controls were persons aged >1 year living in
the participating FoodNet sites identified using a
two-stage random-digit dialling methodology similar
to that used in CDC’s Behavioral Risk Factor
Surveillance Surveys (BRFSS) [11]. Control interviews
were conducted by a professional telephone survey
company [12]. At least 10 controls per month were
interviewed in each state for the 12-month study
period. Persons were excluded from being controls if
they did not speak English or Spanish, or if they had
diarrhoea within the previous 30 days.

The case-patient and control questionnaires asked
about food and environmental exposures, demo-
graphics, and medical history using a standardized
questionnaire. Case-patients were also asked ques-
tions about their illness. For food exposures, we asked
case-patients about the 5 days and the 1 day prior to
the case’s illness onset date; controls were asked
about the 5 days and | day prior to interview date.
Verbal informed consent was obtained prior to
beginning the interview from cases and controls aged
>18 years and from parents of children aged <18
years. The study was approved by the Human
Subjects Research Committees at CDC and the
participating sites.

Laboratory testing

Clinical laboratories, which perform primary iso-
lation for Salmonella, forwarded Salmonella isolates
to the appropriate state public health laboratory for
confirmation and serotyping. Serotyping was con-
ducted using the Kauffman—White scheme [13]. SE
isolates were forwarded to CDC for phage typing.
Phage typing was conducted using 16 phages obtained
from the United Kingdom’s Health Protection
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Agency (HPA). Phage typing followed HPA scheme
with a modification of the recommended test dilution
to achieve expected lysis results on control strains
(PT1b, 3, 6a, 11b, 14 and 24). Three provisional phage
types (PT911, 912, 913) assigned by the Health
Protection Agency of Canada were used in addition to
types designated by the HPA scheme [14, 15].
Molecular subtyping of isolates was performed by
pulsed-field gel electrophoresis (PFGE) using the
restriction enzyme Xbal [16] according to protocols
of the National Molecular Subtyping Network for
Foodborne Disease Surveillance (PulseNet) for
Salmonella [17].

Statistical analysis

The association between study variables and SE in-
fection was first explored using bivariate analysis.
Multivariable logistic regression models were then
used to estimate the odds ratios (ORs) and 95%
confidence intervals (Cls) for variables significant in
bivariate analysis and variables of a priori interest
based on previous studies of SE infection. All multi-
variable models included variables for FoodNet site
and categorical age group (1-4, 5-17, 18-64, and >65
years).

Egg exposures were defined by the type of egg
preparation (i.e. scrambled, fried, boiled, or poached)
and where the eggs were eaten (i.e. in the home or
outside the home). ‘Runny eggs outside the home’
included the four types of egg preparation.
‘Undercooked eggs consumed inside the home’ in-
cluded any runny eggs and any homemade products
that usually contain raw eggs (e.g. uncooked cookie
dough, homemade Caesar salad dressing, homemade
mayonnaise, homemade ice-cream or custard con-
taining raw eggs). The final multivariable models in-
cluded nested variable coding to contrast exposures
among subsets of the study population. For example,
the exposure ‘ate runny eggs outside the home” was a
subset of the population who ‘ate eggs outside the
home’. The estimated OR for eating runny eggs out-
side the home only applies to persons who consumed
eggs outside the home.

To estimate the risk of disease by SE phage type,
related phage types (PT1 and PT1B, PT4 and PT4B,
PT6 and PT6A, PT8 and PT8A, PT13 and PT13A)
were combined into phage-type complexes and multi-
variable polytomous regression models were created
to assess risk factors for phage-type complexes,
adjusting for region. Because of sparse data for some

phage types, FoodNet sites were combined into
mid-western (Colorado and Minnesota) and eastern
(Connecticut, New York, and Tennessee) regions of
the United States. We used the final multivariable
model and restricted the population to the two most
common phage types and to cases and controls that
did not travel outside of the United States (domestic
cases). We further restricted the population to the
most common PFGE patterns within these two phage
types.

The strength of the associations between exposures
and SE illness for both a 5-day and 1-day exposure
period was estimated. We calculated the population
attributable fraction (PAF) for each exposure in the
study population based on the OR in the final multi-
variable model, using the method of Bruzzi [18]. For
the nested variables we calculated an overall PAF.
The overall PAF applies to all cases in the study, re-
gardless of their exposure to the parent variable. Data
were analysed using SAS version 9.2 (SAS Institute,
Cary, NC, USA).

RESULTS
Enrolment

During the study period, 2347 cases of non-typhoidal
Salmonella infection were ascertained by the five
FoodNet sites. Of these, 340 (14%) were caused by
SE; 327 (96 %) of which were aged >1 year old and
were eligible for the case-control study. Of the 327
eligible case-patients, 218 (67%) were enrolled.
Sixty-seven percent of the enrolled cases were inter-
viewed within 21 days of specimen collection. Of
the 109 non-enrolled case-patients: 41 (38%) were
unreachable, 21 (19%) refused, 20 (18%) were
outbreak-associated, 10 (9 %) were secondary cases in
a household, seven (6%) did not speak English or
Spanish, seven (6 %) had no diarrhoea, and three (3 %)
were unable to answer questions. The 20 outbreak-
associated cases represented two outbreaks. Non-
enrolled cases did not differ significantly from
enrolled cases by gender, age, month in which the
specimen was isolated, specimen source, or outcome
(hospitalization or death).

Study personnel attempted 7350 telephone calls,
successfully enrolling 742 controls. The response rate,
calculated according to standards of the Council of
American Survey Research Organizations, was 25%
with an upper bound of 30% and a lower bound of
10 % [19].
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Table 1. Demographic characteristics of Salmonella Enteritidis (SE) cases
and controls, FoodNet sites 2002—2003 (including travellers)

Demographic characteristic

SE cases (n=218)
No./total (%)

Controls (n=742)
No./total (%)

Site (SE incidence per 100 000)

Colorado (2-2)

Connecticut (2-4)

Minnesota  (1'9)

New York  (1-7)

Tennessee (1-4)
Age

Median (range)

1-4 yr

5-17 yr

18-64 yr

=65 yr

Host factors
Acid-reducing medicine in the
28 days prior to illness onset
Took antibiotics in the 28 days
prior to illness onset
Any immune-suppressing condition
Diabetes

42 (19%) 133 (18 %)
56 (26 %) 158 (21 %)
61 (28 %) 148 (20 %)
35(16%) 150 (20 %)
24 (11 %) 153 (21 %)
28 yr (1-84) 43 yr (1-98)
22 (10 %) 38 (5%)
49 (23%) 105 (14 %)
131 (60 %) 477 (65 %)
15 (7%) 114 (16 %)
34/214 (16 %) 119/742 (16 %)

17/213 (8 %) 68/741 (9 %)

20/218 (9 %)
11/218 (5%)

82/742 (11 %)
42/741 (6%)

Clinical characteristics

Of the 218 enrolled case-patients, 182 (83 %) reported
abdominal pain, 178 (82 %) had fever, 91 (42 %) had
bloody diarrhoea, 83 (38 %) were given intravenous
fluids, and 39 (18 %) were hospitalized. Of the 218
enrolled case-patients, 151 (69 %) were treated with
an antibiotic after symptom onset; of the 136 case-
patients who recalled the name of the antibiotic, 95
(70 %) received a fluoroquinolone.

Demographic characteristics

Enrolment varied by FoodNet site with over half of
cases enrolled from Minnesota and Connecticut
(Table 1). This variation reflects the incidence of lab-
oratory-confirmed SE infections in these sites during
the study period (incidence ranged from 1-4/100000
population in Tennessee to 2:4/100000 in Con-
necticut). The median age of case-patients (28 years)
was less than the median age of controls (43 years)
(P<0-001). Fifty-one percent of case-patients were
female compared with 59% of controls (P=0-02).
No differences in race or ethnicity were observed.
No host factors were associated with illness (Table 1).

Risk factor analysis

Of 218 enrolled case-patients, 67 (31%) reported
travel outside the United States in the 5 days before

illness onset compared with six (1%) controls
(OR 534, 95% CI 22-7-125-3). In multivariable
analysis, adjusting for site and age group, travel out-
side the United States was associated with the greatest
risk (OR 62-3, 95% CI 22-8-170-5).

Eating undercooked eggs inside the home in the
5 days before illness onset, among those who ate eggs
inside the home (OR 21, 95% CI 1-1-3-9), and eating
chicken outside the home in the 5 days before illness
onset, among those who ate chicken (OR 2-6, 95% CI
1-6—4-4) were independently associated with illness in
the final multivariable model. Additionally, having a
pet bird (OR 2-7, 95% CI 1-:2-5-7) or lizard (OR 3-0,
95% CI 1-3-7-1) in the home in the 5 days before
illness onset was associated with illness (Table 2).
Multivariable analysis restricted to the 151 cases who
did not report travel outside the United States (dom-
estic cases) produced results similar to the analysis of
all cases (Table 2).

For the domestic cases (i.e. those who did not travel
outside the United States), using a 1-day exposure
period instead of a 5-day period, the Cls for the
exposures in the multivariable models were less pre-
cise and some variables were no longer significant,
including eating undercooked eggs inside the home,
among those who ate eggs (OR 08, 95% CI 0-3-2-1).
However, eating chicken outside the home, among
those consuming chicken (OR 36, 95% CI 1-5-8-5),



Table 2. Multivariable analysis of exposures, adjusted for age and state, in the 5 days before diarrhoea onset due to Salmonella Enteritidis infection, FoodNet

sites 2002-2003

International
travellers

OR (95% CI) PAF Cases exposed

Domestic cases and controls only

All cases and controls

Controls

Cases

Controls

Cases

exposed

exposed

PAF

OR (95% CI)

exposed

exposed

Exposure

43/63 (68 %)
15/43 (35%)
22/66 (33 %)
19/22 (86 %)
50/64 (78 %)
47/50 (94 %)
2/65 (3%)

3%
n.a.
n.a.
31%
n.a.
36%

1-1 (0-6-2°1)
1-0 (0-3-3-4)

121/729 (17 %)

123/735 (17%) 12 (0-7-2'1) 5%  28/138 (20 %)
1%

71/201 (35%)
22/71 (31 %)

Egg outside the home

23/121 (19%)

7/28 (25 %)
66/151 (44%) 392/736 (53%) 0-5 (0-3-0-8)

42/66 (64 %)

1-1 (0-4-3-4)
05 (0-3-0-8)
21 (1-1-3:9)

0-9 (0-5-1-6)

23/123 (19%)

Runny egg outside the home

Egg inside the home

88/217 (41%) 393/742 (53 %)

61/88 (69 %)
162/203 (80%)  518/733 (71 %)

191/392 (49%) 20 (1-0-3-6)

15%
n.a.

191/393 (49 %)

Undercooked egg inside the home

Chicken

112/139 (81%) 514/727 (711%) 09 (0-5-1-7)

68/112 (61%) 253/514 (49%) 2-5 (1-5-4-1)

15/147 (10%)
12/150 (8 %)

n.a.

35%

26 (1:6-4-4)
27 (1:2-5°7)

30 (1-3-7-1)

115/162 (71%)  254/518 (49 %)

Chicken outside the home

Bird in the home

6%
5%

2:6 (1-2-5-5)
2:9 (1-2-7-2)

31/736 (4%)

31742 (4 %) 5%
7%

17/212 (8 %)
21/216 (10%)

24/742 (3%) 24/736 (3%) 9/66 (14 %)

Lizard in the home
International travel

67/67 (100 %)

6/742 (08 %) 62-3 (22:8-170-5) 30%

67/217 (31 %)
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OR, Odds ratio; CI, confidence interval; PAF, population attributable fraction; n.a., not applicable.

and having a lizard in the home (OR 35, 95% CI
1-5-8-4) remained associated with illness.

Isolate subtype analysis

SE isolates were available for phage typing from 211
(97 %) of the 218 cases. The most common phage type
complexes were PT8 (n=61, 29%; 60 PT8 and 1
PT8A), PT13 (57,27% ;42 PT13 and 15 PT13A), and
PT4 (31, 15%; 29 PT4 and 2 PT4B). Travel outside
the United States in the 5 days before illness onset was
reported by 81% of 31 persons infected with PT4
complex (83 % of PT4 and 50 % of PT4B), 7% of 61
persons infected with PT8 complex (7% of PT8 and
0% of PT8A), and 2% of 57 persons infected with
PT13 complex (2% of PT13 and 0% of PT13A).

Among domestic cases, eating chicken outside
the home in the 5 days before illness onset, among
those who ate chicken (OR 2-7, 95% CI 1-:2—6-1) and
having a lizard in the home (OR 3-1, 95% CI
1-0-10-2) were associated with PT8 complex SE in-
fection. Additionally, among domestic cases, eating
undercooked eggs inside the home in the 5 days before
illness onset, among those who ate eggs inside the
home (OR 3-2, 95% CI 1-1-9-1) was associated with
PT13 complex SE infection (Table 3).

Among the 57 domestic PT8 cases, 54 (95%; 53
PT8 and 1 PT8A) were PFGE Pattern A (CDC
JEGXO01.0004). When restricting the analysis to PT8
cases with PFGE Pattern A, eating chicken outside
the home in the 5 days before illness onset, among
those who ate chicken (OR 2-5, 95% CI 11, 5-6)
remained associated with illness and having a lizard
in the home did not. Among the 56 domestic PT13
cases, 33 (59%) were PFGE Pattern B (CDC
JEGXO01.0005). When restricting the analysis to PT13
cases with PFGE Pattern B, eating undercooked eggs
inside the home in the 5 days before illness onset,
among those who ate eggs inside the home (OR 7-0,
95% CI 15, 32:6) and eating chicken outside the
home in the 5 days before illness onset, among those
who ate chicken (OR 3-6, 95% CI 1-2, 11-5) were
more strongly associated with illness.

DISCUSSION

SE remains an important cause of human illness in the
United States. We found however, that an important
risk factor for SE infection was international travel;
31% of cases in our study were attributed to inter-
national travel. Previous case-control studies have
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Table 3. Polytomous multivariable logistic analysis adjusted for age and region for domestic Salmonella Enteritidis

cases by phage types, FoodNet sites 2002—2003

Phage type 8 complex (n=57)

Phage type 13 complex (n=>56)

Exposure Cases exposed OR (95% CI) Cases exposed OR (95% CI) Controls exposed
Egg outside the home 10/50 (20 %) 1-2 (0-5-2:9) 9/53 (17 %) 11 (0-4-2-5) 121/729 (17 %)
Undercooked egg outside the home  4/10 (40 %) 0-6 (0-1-5-4) 1/9 (11 %) 0-7 (0-1-5-8) 23/121 (19 %)
Egg inside the home 25/57 (44 %) 0-6 (0-2-1-3) 23/56 (41 %) 0-3 (0-1-0-9) 392/736 (53 %)
Undercooked egg inside the home  15/25 (60 %) 1:6 (0-6-4-2) 17/23 (74 %) 32 (1:-1-91) 191/392 (49 %)
Chicken 39/51 (76 %) 0-8 (0-3-1-9) 43/54 (80 %) 0-8 (0-3-1-9) 514/727 (71 %)
Chicken outside the home 25/39 (64 %) 2-7 (1-2-6°1) 26/43 (60 %) 2-0 (0:9-4-2) 253/514 (49 %)
Bird in the home 3/54 (6 %) 1-2 (0-3-5-6) 4/56 (7%) 19 (0-6-5-9) 31/736 (4%)
Lizard in the home 7/57 (12%) 3-1(1-:0-10-2) 3/56 (5%) 17 (0-5-6:4) 24/736 (3%)

OR, Odds ratio; CI, confidence interval.

identified international travel as an important risk
factor for sporadic SE infections. SE is the most
common Salmonella serotype identified throughout
the world [20, 21]. Contaminated eggs and poultry
have been identified as the source of human SE in-
fections in several countries [9, 22-29]. Travellers are
well advised to avoid dishes with raw or undercooked
eggs.

Among cases who did not travel and ate eggs, cat-
ing undercooked eggs inside the home was a risk for
SE infection. National efforts to reduce the risk of
human SE infection due to eating SE-contaminated
eggs have included diversion of contaminated eggs
to pasteurization [30], labelling and refrigeration of
shell eggs [31], on-farm prevention measures [32], egg
quality assurance programmes [33], and educational
programmes for consumers and food-service person-
nel. In 2004, an FDA-proposed rule to improve shell
egg safety included interventions aimed at reducing
SE prevalence in poultry egg-laying houses [32].
Egg quality assurance programmes containing pre-
ventive measures similar to those in the proposed
rule, appear to have resulted in a lower incidence of
human SE infection in areas where they have been
implemented [33].

We also found that SE infection was associated
with eating chicken outside the home in the 5 days
before illness onset. These findings are not un-
expected; previous case-control studies have ident-
ified eating chicken as an important risk factor
for SE infection [8]. Furthermore, 12:8% of
chickens sampled in slaughter plants in the Food
Safety and Inspection Service (FSIS) Pathogen
Reduction-Hazard Analysis Critical Control Point
(PR/HACCP) Verification Testing Program were

contaminated with Salmonella in 2003 [29]. Of the
Salmonella-positive samples in 2003, 3-5% were SE
(FSIS, unpublished data). In 2002, the CDC'’s
National Antimicrobial Resistance Monitoring
System (NARMS) Retail Food Study identified 60
Salmonella isolates from chicken breasts; of these,
eight (13%) were SE [34]. These data support our
finding that chicken is a source of SE infection in the
United States. Regulations for HACCP systems and
pathogen reduction have been implemented by FSIS
to reduce the contamination of poultry products with
Salmonella [35]. Efforts need to be enhanced to de-
crease the presence of Salmonella on chickens sold at
retail and to improve poultry handling by restaurant
food workers and consumers.

Among domestic cases in our study the most com-
mon phage types were PT8 and PT13. PT8 and PT13
have commonly been identified among SE isolates
obtained from broilers and egg product samples in the
United States (FSIS, unpublished data). In our study,
SE infection with PT8 and PT13 was associated with
eating chicken or eggs, respectively, in the 5 days be-
fore illness onset. Further subtyping of SE isolates by
PFGE strengthened the association between SE
infection and eggs and chicken, with a loss of pre-
cision due to small sample size. This finding suggests a
specific relationship between some subtypes of SE and
certain exposures, and demonstrates the added value
of combining phage-type and PFGE data.

SE infection was also associated with having a bird
or reptile in the home. Pet birds are known to harbour
Salmonella spp., and close contact with fowl can
transmit infection [36, 37]. Reptiles, including lizards
and iguanas, have been associated with outbreaks of
SE infections [38] and sporadic cases [39, 40].



Risk factors for Salmonella serotype Enteritidis infections 7

Continued prevention efforts to educate the public
about the risks from contact with these animals are
needed [39, 41].

In this study we collected information on both a
5-day and 1-day exposure window. In a case-control
study in Denmark association with eggs strengthened
substantially if persons with SE were asked about
exposures in the 1 day before illness onset, rather than
in the 5 days before onset [9]. We also found that
using a shorter exposure window increased the mag-
nitude of association between SE infection and eggs,
although the general conclusions did not change.
Such analysis may be useful when studying exposures
that are common.

In this case-control study, controls were selected
using a random digit-dialling scheme commonly used
by the CDC BRFSS. A limitation to this method is
that cases and controls were interviewed by different
groups of interviewers; however, to minimize inter-
viewer bias, we used a standardized questionnaire and
protocol for both case and control interviews and in-
terviewers were unaware of the study hypothesis.
Although the cases were not matched to the controls
by demographic factors other than catchment area,
they were similar in most characteristics except age
group which was controlled for in the analysis. Case-
patients were included in the study if interviewed
within 45 days of the specimen collection date. While
recall bias is an important consideration, two-thirds
of case-patients were interviewed within 21 days and
are likely to have good recall on exposures in the days
preceding their illness. In addition, there was no
association between the length of time between
specimen collection and interview date and the
number of unknown or missing responses.

A purpose of this study was to reassess the
exposures leading to SE infection in the United States.
The results are similar to the previous FoodNet case-
control study [8]. Both identified international travel
and eating chicken outside the home as risk factors.
Eggs continue to be an important source as well.
Although not assessed in our study, the previous
study found that cases ate fewer meals prepared at
home and they had lower dietary diversity (computed
as the number of different food items consumed dur-
ing the exposure period).

We excluded cases of SE associated with outbreaks.
During the study period there were two outbreaks;
one involving five cases identified fried rice with
undercooked egg served at a private gathering outside
the home. The other involving 15 cases suspected

salsa served in a restaurant as the vehicle, although
this was not confirmed epidemiologically or micro-
biologically. The outbreak suspected to be due to
salsa was believed to be caused by contaminated
cilantro included in the salsa. Recent outbreaks of
Salmonella have also been linked to contaminated
produce [42], including cilantro [43]. The FDA has
developed a plan to decrease foodborne illness
associated with fresh produce [44].

In this multisite case-control study, we provide
further evidence that travel outside the United States,
eating undercooked eggs, and eating chicken are the
primary risk factors for SE infection. Among domes-
tically acquired cases, consuming chicken outside the
home, consuming undercooked eggs in the home,
and contact with a bird or reptile in the home were
all significant risk factors for infection. Efforts to
reduce SE infection have focused on implementa-
tion of farm-to-table measures directed at egg
producers, consumers, and food-service personnel.
Prevention efforts need to be enhanced which focus
on the live bird reservoir, poultry processing plants,
food service workers, and consumers. Additional
efforts are needed to prevent non-foodborne routes of
infection especially by exposures to pet birds and
reptiles [45].
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